Isolation of cDNA clones coding for the alpha-subunit of human beta-hexosaminidase. Extensive homology between the alpha- and beta-subunits and studies on Tay-Sachs disease.
The lysosomal beta-hexosaminidases (N-acetyl-beta-glucosaminidase, EC 3.2.1.30) occur as two major isozymes, hexosaminidase A (alpha beta a beta b) and hexosaminidase B (2(beta a beta b)). To facilitate the investigations of the biosynthesis and structure of the enzymes and the nature of mutation in Tay-Sachs disease, we have isolated cDNA clones coding for the alpha-subunit. The polypeptide chains of hexosaminidase A (30 mg) were digested with trypsin, and peptides were isolated by reverse phase high pressure liquid chromatography and their amino acid sequences determined. One of alpha-chain peptides contained a string of seven amino acids from which two sets of oligonucleotides were specified. They were used to screen the SV40-transformed human fibroblast cDNA library of Okayama and Berg. Three cDNA clones, designated pHexA, identified from among 5 X 10(5) clones screened, contained the deduced amino-acid sequences of five alpha-chain peptides. Genomic DNA homologous to pHexA cDNA mapped to human chromosome 15 in somatic cell hybrids, as expected for the pre-alpha-polypeptide. Two of the clones contained identical polyadenylation sites, while the third was polyadenylated about 450 base pairs downstream. The two types of clones were found to correspond to a major 2.0-kilobase pair and a minor 2.3-kilobase pair mRNA species. Blot hybridizations of mRNA and DNA from Tay-Sachs variant fibroblasts revealed absence or reduction of levels of both mRNA species among infantile and juvenile variants, but no observable DNA alterations. Alignment of the pre-alpha- and pre-beta-polypeptides revealed 55% nucleotide and 57% amino acid homology. These data suggest a common origin of the HEXA and HEXB genes and account for the similar substrate specificities of the alpha-dimer subunit, hexosaminidase S, and hexosaminidase B.